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Chain Transfer of Telogens with Styrene in 
Bulk and Emulsion Systems 

XIYMOSD "0. SEE3IOLX 2nd VITFSL P.4TEL 

Universit; of Houston 
iiouston. Tesas  77004 

A B S T R A C T  

The char.  t ransfer  constants fo r  selected telogens were 
determined with styrene xi both bulk 2nd emulsior. 
polymerization systems.  Since the locus of chain trans- 
fer.  like polymerization. is primarily in  the micelles or  
polymer particies. the chain t r ans i e r  consrants of water- 
hsolu5le  telogens were s imi l a r  in both systems.  However, 
these values were different for  water-soluble telogens and 
the Lfference ua5 greatest  for  the most soluble telogens. 
The ratio of the c h i n  t ransfer  constants 21 bulk and 
emulsion svstems is appzrently relaLed to the solubility 
pararneters of telogens in a homologous se r i e s .  

It is generally accepced that the locus of polymerizatian of na t e r -  
insoluble monomers in err.ulsion systems is primarily in t h e  
micelles o r  polymer partic!es [ 11. It is also recognized that 
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96 2 SEYMOL'R .LYD P-ITSL 

the polymerization of =ore :vater-soluble mono.xers :in eauls ion 
systems takes place both in the n ice l les  and in solution. 

Polymerization reactions in bulk and emulsion systems may 
also involve rretatketical reactions in %-hick the propagating 
macroradical is terminated by ccupling xi th  radicals tha t  are 
abstracted from the initiator, monomer solvenc, polymer, o r  
ocher foreign substance. The new free radical which i s  aroduced 
by this abstraction n a y  initiate a new chain reaction which may' 
o r  may not have a propagation probability s imilar  to that in 'which 
the original macroradical was produced. Thus Flory [ 21 defiled 
this chain transfer as a reaction in which the growth of individcal 
polymer molecules is Limited but the nurnber of active centers 
remains unchanged. 

Additives under the names of chain transfer agents, telogens. 
reghators ,  o r  modifiers a r e  widely used for the control of molec- 
ular weight and for the production of telorners. The values for the 
chain transfer constants for a large number of telogens have been 
published [ 31.  >lost of these constants were obtained by bulk 
polymerization of speciiic monomers in the presence of varying 
concentrations of telogens while keeaing all other var-Xbles 
constant. 

While the chain transfer constants of several  organic sulfur 
telogens [ 31 and benzene deriratives 'with styrene [ 41 have been 
reported for emulsion ?olymerizations, the corresponding values 
for  hulk polymerization a r e  not readily available. However, it 
has been reported that vhen all the telogen is dissolved in the 
polymer particles the chain transfer constznt for  octyl mercapcan 
is similar  for bulk and emulsion systems at  zerc) conversion 5 1 .  
The chain t ransfer  constancs for benzene with styrene 'rave been 
reported 3s being 4 10-0 and 2 X lo-' in buik and emulsicn. 
respectively [ a ] .  

The chai? transfer constants of a witer-insolub!e teloqen shculd 
be sim%r in ouik md emulsion s y t e m s  providing the  chain trans- 
fer  with water is neglible. Hovover. water- soluble telcgens, Iike 
water-soluble monomers, should behave diiferently in eizulsion 
than in bulk polymerization systems. This investigation vas 
undt rhken  in order  to deternine tne c h i n  transfer canstants 
of selected telogens in bull i  and emulsion polymerization systems 
a t h  the objective oi  showing chat the locus of c . W  t m s f e r  Li 
emulsion systems was primarily in the micelles o r  poiyrner 
particles. 
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D I S  C U S S i O S  

It has been maintained that chain t ransfer  to azobisisobutyro- 
ratri le is neglible, but Pryor  [ 7 ;  has shown that t N s  initiator does 
hare an appreciable cha i i  t ransfer  cons'ant with styrene. This 
initaaror u 2 s  used in this investigation but since i ts  concentration 
was cocsrant. its effect in the bulk sys t ems  would be consistent. 
Likewise. there  is some chaai? t ransfer  to exu l s i ' i e r s  [ 8 j  but 
since the enu l s i f i e r  content '&as constant, this effecc in the ernul- 
siori polymerization systems in this investigation should be 
ccnsistent. 

It :has been qreviously reported tihat there is iittle c i a i n  t r ans fe r  
KO water [ 9, 10;. However. as shown in Table 1, the chain t ransfer  
constant for water to styrene Li bulk polymerizations is measurable. 
The presence of the hydroxp! groups on the polystyrene produced 
can be demonstrated by a dyeing technique [ 113. However, a s  
shown in Table 1, no t ransfer  to xa.ter was noted ii emulsion 
po1ymerizat:on and hence t h s  effect is not sigAiCicznt in cfus 
Livestigaticn. 

As enden t  frcm the Mayo ecuation [ 121 

[ telopen j 
DP DPo I s tyrene]  

c, 1 - = - -  - -  

the chain t ransfer  constams ;C ) for styrene LT both bulk and emul- 

sior, poiymerization systems are dependent on the concentration of 
the styrene a o n o n e r  and the tehgen.  Since the accessabili ty of 
styrene to the locus of polymerization would be s imi l a r  for com- 
parable ernulsion systems,  the mcst important factor in these 
po!ymerizations wouid be the difference 7 i n  the solubility parameter  
(3 ;  of :he telasen and water [ 131. It h2s been noted preriously that 
the chain t ransfer  constants f o r  aU7-1 mercaptans in emu!sicn 
polymerization syscems were r ehced  to their  solubility [ 14, 15: .  

AS shown in Table 1, the c h i ?  t ransfer  conscaxs for 
l-prCpaneChiO~. 1-aecanethol.  2nd carbon tetrachicride a i t h  
styrene .;;ere s imi i a r  fcr  bcth buL! and emulsion systems. The 
differences between the c b i n  traisfpr constants for other telc- 
gens in bulk and emulsion systems mere related to  [ ~ e  -sater 
solubility of the teiogens. While there  a r e  not enoilgh data to 
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966 SEYMOUR XUD PATEL 

justify dr3wix1g curies, the ratio of the chain transfer consiants in 
bulk and emulsion systems i s  apparently related to the solubi!ity 
parameters  oi te!ogens in a homologous ser ies .  

E X P E R IS1 E NT .A L 

Bulk polymerizations or‘ styrene were conducted at 60‘C +J the 
presence of 2.5% azobisisobutyronitrile and Wtfi varying amounts 
oi telogen. These tefogens were also present when styrene vas 
polymerized in emulsion at 6O’C in the presence o i  9oussiurn 
persuiface and a nonionic emulsirier. 

The polymeric product xas removed from these systems 4 2  the 
early stages o i  polymerization by precipitation o r  coaguularion. The 
limitins viscosity number [ q j  of benzene soht ions of these polymers 
was calculated from the following relationship for the specific vis- 
cosity (q ), the relative viscosity ( q  

SP re1 ), and the concentration (C): 

The average dezree of polymerization [El was calculated from 
the I imi t ing iscos i ty  number of the benzene solutions usirig the 
eqcation: D P  = 3.205 - 1.37 log [ q j .  X Fortzan IV computer pro- 
gram was written as a compuutionai aid for speed and accuracy. 
The least squares methodwas used fo r  the calculation of the  slope 
(Cs! and the intercept (1, DPoi in the Mayo equation given in the 

Discussion. 

&je formation [ 101. The presence 01 hydroxIr1 groups  was demon- 
strated by dye formation sf the reacticn product of the telomer and 
rnaleic anhydride. The presence 0 1  ather groups vas deterinined 
by noting peaks not attributable to ~o lys ty rene  in the pyrolyzates 
of the telomers. The areas or these Feiss  incl-eased linearly as 
the concentration of telogens was =creased [ 16 1. 

Plrolyzates were obtained by ccatLig a p!at-;num mil -vith a 
benzene solution of the telomers ma c?a,racttr:zing the off-gases 
from the heaced coil using a W i L U s  Ins txment  and Research, 
hc., Model XlOOC Chromatograph. Ckromosorb W with 20% 
SES2 coating was used in a 3.05 111 x 6.25  mrn copper column with 
helium as the ca r r i e r  gas. The pyrolyzates v e r e  identified by a 
comparison of the retemion t i c e s  of ho*.vn compounds. 

The presence of carbo.xy1 groups in the telomers was verYied by 
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The cham rransfer c o x t a n t s  of water-msoluble telogens were 
srmilar when styrene was polymerized m either bulk or  emulsion 
systems. These values u f e r e d  wne2 more water- soluble telogens 
were used. The ratio of tne cham transfer  COnSKantS m bulk and 
eauls ion systems is apparently related to the solubility param- 
e te rs  of Lelogens m a homologous ser ies .  
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